Bifenthrin, a synthetic pyrethroid insecticide/miticide, has been fed to male and female Swiss Webster mice at levels of 0, 50, 200, 500, and 600 ppm in the diet for between 604 and 644 days. Tumors of the urinary bladder were observed and initially reported as leiomyosarcomas. Subsequently, the bladders were reviewed and the tumors showed a pattern of both epithelioid cells and spindle cells forming irregular vascular channels. The tumors appeared to arise from the trigone of the bladder and, in some cases, invaded the bladder wall. No metastases were recorded. The tumor is usually considered rare; however, in this study, it was commonly observed in all groups but predominantly in males. The histogenesis of the tumor is uncertain, but from its pleomorphic histological features, including smooth muscle and vascularity, it is probably derived from vascular mesenchyme.
INTRODUCTION
Spontaneous mesenchymal tumors of the bladder are considered to be rare in contrast to the more common epithilial tumors, which may also be induced by a number of agents. Chandra and Frith (3) reported finding 3 mesenchymal tumors in 400 control female mice and none in a comparable 400 male mice. Jacobs et al (15) de- scribed the induction of submucosal smooth muscle tumors, and similar lesions, termed spindle cell sarcomas or vegetative epithelial lesions, have been described in surgically manipulated bladders such as by the implantation of wax pellets (2) . The lesions are described as located in the region of the trigone except in bladders that have been surgically manipulated. Because there have been only a few reports of this lesion, the histological features and incidence are not defined in detail.
In this report, we describe the incidence and histopathology of the submucosal mesenchymal tumors observed in both treated and control male and female mice from a single 2-yr study in Swiss-Webster mice.
MATERIALS AND METHODS
Bifenthrin (FMC 54800 technical), a synthetic pyrethroid insecticide/miticide, was administered combined in the diet to Swiss-Webster mice, 50/sex/group, housed individually, at dietary concentrations of 0, 50, 200, 500, and 600 ppm. The mice were observed daily, and the individual body weights and food consumption were recorded. Surviving male mice were sacrificed on day 604 and female mice on day 644. There were no significant differences in the survival between the groups of either sex. A complete list of tissues were taken for histological examination. At postmortem examination, the most common observation of the bladder was distention. A mass was observed in the bladders of 2 and 3 male mice from those receiving 500 and 600 ppm respectively. One female mouse receiving 200 ppm had a bladder mass.
All bladders were fixed in formalin in distention, processed into paraffin, sectioned, and stained with hematoxylin and eosin. Selected sections were stained with phosphotunstic acid hematoxylin. Five tumors initially reported as leiomyosarcomas were postfixed in osmium tetroxide and processed for electron microscopy.
Following the initial reading of the study, during which the observation of submucosal bladder tumors was made, all the bladders were reviewed (W.H.B.), and subsequently all sections in which a submucosal bladder lesion was observed were reviewed by Drs S.H.C. and R.A.S. There was agreement among the 3 pathologists on most of the tumors, and in a few instances the consensus opinion of at least 2 of the pathologists was recorded. In instances of a majority opinion (2 of 3), the other pathologist recorded an opinion of a lesser defined early lesion. The incidence of tumors reported in this paper is the total of the unanimous opinions and the instances of a majority opinion.
RESULTS
The tumors occurred in the submucosa of the bladder and in the absence of invasion were confined to the lamina propria (Fig. 1 ). The tumors were usually single but in some instances occurred in 2 distinct areas of the bladder wall. It was not possible to determine whether these represented different sites or there was continuity between the sites. A few tumors protruded into the the lumen of the bladder (Fig. 2 ) and occasionally became polyploid. The sizes ranged from 1 to 10 mm. Most tumors showed both epithelioid and spindle cells (Fig. 1 ). The spindle cells formed irregular and abnormal vascular channels in which red blood cells were present (Figs. 3 and 4). These abnormal vessels appeared as arterioles and less defined vascular spaces of variable size. The spindle cells often wrapped around structures, occasionally forming an onion-ring appearance (Fig. 5 ). In many areas, the spindle cells had oval nuclei and had the form of smooth muscle. Mitoses were sparse but were observed in many tumors. In other areas of the tumors, epithelioid cells predominated. These cells were often very large and pleomorphic with large hyperchromatic nuclei. Both basophilic and eosinophilic nuclear inclusions were present (Fig. 6 ). Red blood cells were observed between the epithelioid cells.
Most of the tumors showed a chronic inflammatory infiltrate around the edge composed predominantly of plasma cells with occasional lymphocytes and macrophages (Figs. 1, 2, and 5). Occasional foreign body giant cells were present. Hemosiderin was commonly observed even in small tumors. The larger tumors showed areas of necrosis, but most showed no necrosis. Ulceration of the overlying epithelium was not observed, and there was no direct continuity between the epithelioid cells and the transitional epithelium of the bladder. Invasion into and through the muscle wall was present in some cases ( In addition to the lesions considered to be tumors (Table I), a lesser number of smaller, poorly circumscribed submucosal lesions also seen (Fig. 8 ). These showed the same spindle cell morphology and vessels of the tumors but did not show the foci of epithelioid cells. These lesions may be related to the more definitive tumors and possibly represent an early stage of development. It is clear from the morphology of these small lesions that it is difficult to make a sharp demarcation between the lesions of various sizes; hence, in the few instances where such lesions were present, they are included in the results.
Selected tumors were stained with phosphotungstic acid hematoxylin in order to demonstrate muscle fibers. In no case were cross-striations observed, and the spindle cells only occasionally stained weakly while the epithe-' lioid cells were unstained. This is in contrast to a jejunal leiomyosarcomas stained at the same time, which showed intense staining. Five of the tumors were postfixed for . electron microscopy, and the epithelioid cells and the . spindle cells within the lamina propria showed evidence , of myofilaments indicative of smooth muscle. Desmo- The incidence of the submucosal tumors is given in Table I . Also given is the total number of focal proliferative lesions and early lesions. The first tumor was observed in a male mouse receiving 200 ppm bifenthrin for 64 wk; however, there was no difference in the time to observation of tumors in any group. The small focal submucosal lesions already descibed may be the precursor of the overt tumor or sarcoma, but this has not been substantiated.
DISCUSSION
The consistent histological features of the tumors are the presence of abnormal vascular spaces, smooth muscle, large epithelioid cells, and an inflammatory infiltrate. Where it is possible to identify the anatomical region of the bladder, the tumors are located in the trigone region and are often associated with small arteries. Although it is not possible to accurately define the histogenesis of the lesion, the salient features of the lesions strongly indicate an origin from the vasoformative mesenchyme of the sub-mucosa giving rise to tumors with both smooth muscle and vascular differentiation. A similar pattern of vascular mesenchymal tumors has been described in the rat kidney (9) (10) (11) and is consistent with the presence of smooth muscle although not derived primarily from smooth muscle. These tumors were originally described by Bonser and Jull (2) in relation to surgically implanted wax pellets in the bladder and were thought to be related to the surgical procedure. Roe (22) described them in more detail and referred to them as &dquo;vegetative epithelial changes.&dquo; The mesenchymal nature of the tumors was demonstrated following the electron microscopic examination of 2 comparable lesions occurring in mice given niridazole, showing the epithelioid and spindle cells to have the features of smooth muscle (15) . These findings are supported by the report of Chandra and Frith (3) . The tumors of the present study have not been the subject of immunocytochemical investigation. The histogenesis of the lesion is uncertain; however, the histological features of the tumors described in this paper, smooth muscle and vascular differentiation, suggest a vascular origin. The fact that there is often a chronic inflammatory infiltrate and hemosiderin associated with the tumors raises the possibility that they are a manifestation of chronic inflammatory and repair processes. In surgically manipulated bladders, the lesions tend to appear near suture sites (2) . This study demonstrates that the incidence of the submucosal lesion is higher in the male than the female mouse. This may reflect the increased incidence of chronic inflammation in the male bladder. The unusual feature of this study is the high incidence of a tumor that has been considered to be rare. While the historical control incidence is uncertain, this rarity may not be real, as often these tumors are small and located around the trigonal arteries. A possible further reason may be that the lesion has been considered to be either epithelial or inflammatory and not reported as a mesenchymal neoplasm. The incidence of the tumors (12%) and total lesions (14%) in the controls is similar to that of the treated groups with the exception of the group receiving 600 ppm of the compound. In this latter group, the incidence of tumors (13/49, 26%) does not achieve statistical significance (p = 0.068). Only when all lesions are considered is a marginal statisical significance of p = 0.050 achieved. In this study, the tumors are a common observation, indicating that for the evaluation of the lesions the decision rules of Haseman (12, 13) should be followed. It should also be noted that the difference between dose levels of 500 and 600 ppm is small and of doubtful biological significance, giving further evidence that this equivocal response does not provide persuasive evidence of a compound-related effect. Tumors of the histological appearance seen in this study have only been described in the mouse (1-3, 5, 6) and have not been reported in rats and hamsters (1, 5, shown to induce bladder cancer in experimental models, including mice, rats, hamsters, and dogs (4, 7, 21) . The bladder tumors induced in humans by these chemicals arise from the transitional epithelium and, similarly, the bladder tumors induced in experimental animals by these chemicals also arise in the epithelium (1, (4) (5) (6) (7) 14) . None of the known human bladder carcinogens or related chemicals have been shown to induce tumors of the bladder smooth muscle or the tumors described in this paper (4) (5) (6) (7) 21) .
In summary, the tumors that occurred in the submucosa of the mouse bladder in this study, which have vascular and smooth muscle differentiation and may be derived from the vascular mesenchyme, are of low malignant potential and occur predominantly in males. The lesions appear to be reported only in mice. Although the number of lesions is highest in the top dose group, this equivocal response does not provide persuasive evidence of a compound-related effect.
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